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1 
This invention relates fo the removal of carbon 
deposit from .petroleum cracking catalysts and 
more particular]y to the suppression of combus- 
tion in removal of the carbon deposit. 
In the processes for catalytic cracking of 
petroleum used in the off industry, it is essential 
to burn off the carbon deposit accumulated on 
the cracking catalyst. The heat of this combus- 
tion is undesirable and injurious to the catalytic 
materiaL At the present time this combustion 
involves the transformation of the carbon into 
carbon dioxide with release of its attendant heat 
of combustion. 
It is an object of this invention to reduce the 
heat of combustion accompanyinE the burning of 
carbon depoait from petroleum cracking catalysts. 
It is another object of this invention, in remov- 
ing carbon deposit from cata]ytic material, to 
change it to carbon monoxide. 
It is a further object of this invention to sup- 
press the formation of carbon dioxide in the burn- 
ing of carbon deposit from cracking cata]ysts. 
These and other objects of this invention .wfl! 
become more apparent upon consideration of the 
foltowing description, together with the drawing 
which is  diagrammatic showing of a plant for 
cata]ytic cracking. 
leferring to the figure, three tanks 10, 20 and 
38 are shown in three cracking stages in a fixed 
bed cracking apparatus. In each of these stages 
there is a bed of catalytic material made up of 
horizontal layers. Across and through this 
catalytic materia] the off to be cracked is fed from 
off lines 14. Discharge lines , 2! and 3! lead 
from the bottom of each of the stages H}, 28 and 
0, respectively. Each of these lines , 2! and 
$| connects to a receiver |2, 22 and 32. Eaeh of 
the lines ! , 2 ! and  ! has a three-position valve 
. The valves I control the fiow through the 
lines , 2! and ! so that the tanks 10, 28 and 
8 can be eonnected to receivers 2, 22 and $2, re- 
spectively, or the lines ! , 2 ! and $ ! can be con- 
nected to discharge nozzles  for venting, or the 
lines ! , 2 ! and $ ! can ,be completely closed. 
The off to be cracked is fed into the tanks 
28 and $8 through off lines 4 which are valved 
to provide control over the feeding of the off. De- 
scribing one method of ,operating a xed bed 
cracking apparatus as applied to the system 
shown in the figure, off is run into tank  and 
cracked. The products of the cracking are passed 
inço receiver 2. The catalytic material which in 
one form is porous pellets becomes coked up by 
carbon deposit from off vapors. The increasing 
carbon deposit reduces the catalytic action until 
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the accumulation becomes so great as fo tender 
the operation of the stage ineiïicient. It is neces- 
sary to remove the carbon from the catalyst t 
continue the operation of the cracking operation. 
5 At the present rime this carbon is removed by 
burning the earbon off the catalyst. This is ac- 
complished by elosing the off line into a stage 
and purging the catalyst with steam, or evacuat- 
ing the ehamber, after which a flow of dry air is 
10 passed over the hot catalyst bed. The effect of 
the air is to oxidize the carbon deposit to sub- 
stantially carbon dioxide, which is drawn off 
through a suitable ourlet. 
The oxidation of carbon to carbon dioxide is 
15 accompanied by a large evolution of heat. Itis 
the purpose of this invention to reduce the 
amount of heat thus evolved by limiting the oxi- 
dation of the ca-rbon to carbon monoxide. The 
reaction of C÷O2-CO2 "has a heat of combustion 
20 of 94.385 cal./mole as compared with the reaction 
of C--AO2->CO, which bas a heat of combustion 
of 26.428 cal./mo!e, a !8 ° C. To thus lira.% the 
oxidation of carbon a chemical suppressor is em- 
ployed. 
25 It bas been discovered that the chlorides and 
bromides of silieon and to a lesser extent of 
aluminum, titanium and zirconium mixed to- 
gerber with free chlorine or bromine are most ef- 
fective in suppressing the formation of car.bon 
70 dioxide in the oxidation of carbon deposit from 
the catalytic material even in the presence of the 
eracking eatalyst. The employment of this sup- 
pressor is shown diagrammatically in the figure. 
After a tank such as tank H} has become coked 
35 up in the operation of this invention, the valve 
19 from the off line .l is closed, the .valve I is 
set to cornect vent 6 to tank 10. The tank l0 
is then evacuated. Oxidizing air is fed through 
a suppressor |] where if passes through a liquid 
40 mixture of a suppressor solution, such as silicon 
tetrachloride and bromine. The suppressor 
saturated air is passed through line 3 and into 
tank I through valve 18. The mixture of air 
and suppressór is heated to approximately the 
45 catalyst temperature where the air oxidizes the 
carbon deposit. This oxidation, however, is lim- 
ited largely fo-formation of carbon monoxide 
Which is drawn off through -vent !  with any un- 
combined air. This process flts into the normal 
5O operation of the stages. As is customary in this 
type of operation, while tank H} is being oxidized 
tank 20 in the next stage is being evacuated pre- 
paratory to oxidation while in tank ${} cracking 
is taking place. The steps are repeatedstage by 
55 stage..with craeking taking place in each tank 
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after oxidation removes carbon from the catalyst. 
By suppressing the production of carbon dioxide 
in favor of carbon monoxide the generation of 
heat in the oxidation of the carbon deposit is re- 
duced. This is shown .,by the following example 
which serves to fllustrate the process: 
An alumina-silica cracking catalyst in small 
pellets in a Pyrex glass reaction tube was coked 
by passing vapors of paraflin wax at about 500 ° 
C. over the catalyst pellets under usaal cracking 
conditions. An oxidizing gas ruade up of a sup- 
pressor mixture of silicon tetrachloride and 
bromine gas in the proportion of 5% by volume 
and oxygen gas was passed over the coked cata- 
lyst pellets ai an initial ctalyst temperature 
of 540 ° C. and af a rate of 40 volumes of gas pr 
volume of catalyst per hour. The oxygen gas 
had an analysis of 94.6% 02, 0.0% CO=, and ap- 
proximately 5% N. The volumetric proportions 
of the suppressor mixture were two-thirds silicon 
tetrachloride and one-third liquid bromine. A 
volumetric analysis of the exi.t gases from the 
oxidizing decarbonizing reactio,n showd 3.8 % O, 
23% CO, 69% CO and approximately 4% Ne. 
Under the same conditions, but without a sup- 
pressor, the exït gas contained 0.6% O, 75% COe, 
20% CO and about 5% N. 
The decarbonizing reaction generates 3600 cal- 
ories per gram of carbon burned. By compati- 
son, an identical oxygen gas without a suppressor 
mixture decarbonizing identical coked catalyst 
pellets under identical conditions generat, ed 
6700 calories per gram of carbon. 
If is thus seen that when oxidizing the carbon 
deposit in the presence of a suppressor that large 
amounts of carbon monoxide are formed and 
comparatively small amounts of .carbon dioxide, 
and the oxidation releases subs.tantially tess heat 
than when a suppressor is absent. 
The suppressor acts to combine with and ten- 
der inactive hydrogen, be it in the ïree form or 
as water, in and around the catalytic material. 
If is a theory of this invention tht this hydrogen 
is undesirable because of its catalytic effect on 
oxidation of carbon monoxide to carbon d[oxide 
by oxygen. When carbon is burned in the pres- 
ence of air carbon monoxide is first formed and 
it is a theory of this invention that as hydrogen 
acts as a ctalyst in the oxidation of carbon 
monoxide by removing the hydrogen from the 
vicinity of the carbon oxidation reaction it is 
possible to limit this oxidation fo the formation 
of monoxide. 
One of the advantages of this invention as in- 
dicated above is reduction of heat in the remova] 
of carbon deposit by oxidation. The problem of 
dissipating heat becomes much easier for the 
design engineer. New design possibilities here- 
tofore considered impractical become available. 
A fm'ther advantage is the production of carbon 
monoxide in the place of carbon dioxide in the 
decarbonization of cracking catalysts. The car« 
bon monoxide product can be converted %o car- 
bon dioxide in a subsequent operation in a suit- 
able apparatus and the resultant heat recovered. 
Thus whfle I bave described iF improvement 
in detail and with respect fo certain preferred 
forms, I do hot desire tobe limited to such details 
or forms since, as will be noticed by those skflled 
in the art, after understanding my invention 
many changes and modifications may be ruade 
and the invention embodied in widely different 
forms without departing from the spirit and 
scope hereof in its broader aspects, and I desire 
to cover all modifications, forms and improve- 

ments coming within thè scope of any one or more 
of the appended claires. 
I-Iaving thus described my invention what I 
claire as new and desire fo secure by Letters Pst- 
5 enç is: 
1. In a process for decarbonizing a carbonized 
surface of a petroleum cracking catalyst, the 
steps comprising preparing an oxidation sup- 
pressor by mixing an elemeltal halogen selected 
10 from the group consisting of chlorine and 
bromine with a chloride of an element selected 
from the group consisting of silicon, zirconium, 
titanium and aluminum, mLxing said oxidation 
suppressor with an oxidizing gas, bringing said 
15 mixture of said oxidizing gas and oxidation sup- 
pressor into contact with said carbonized surface 
whereby said oxidation suppressor restricts 
formation of carbon dioxide in the oxidation of 
the carbon of said carbonized surface and causes 
20 the formation of carbon oxides with carbon 
monoxide in the greater proportion. 
2. In a process for decarbonizing a carbonized 
cracking catalyst surface as claimed in claire 1, 
the steps of placing said carbon oxidizing 2as in 
OE5 contact with said contaminating carbon af a rate 
of about 40 volumes of oxidizing gas per volume 
of catalyst per bout. 
3. In a process for decarbonizing a carbonized 
cracking catalyst surface as claimed in claire 1, 
0 oxidizing said carbon to carbon oxides in the 
proportion of at least 60% carbon monoxide. 
4. In a process for decarbonizing a carbonized 
surface of a petroleum cracking catalyst, the 
steps comprising preparing an oxidation sup- 
. pressor by mixing elemental chlorine with a chlo- 
ride of an element selected from the group con- 
sisting of silicon, zirconium, titanium and alu- 
rainure, mixing said oxidation suppressor with 
an oxidizing gas, bringing said mixture of oxidiz- 
ç[0 ing gas and oxidation suppressor into contact 
with said carbonized surface, whereby said oxi- 
dation suppressor restricts the formation of car- 
bon dioxide in the oxidation of the c.rbon of said 
carbonized surface and causes the formation of 
45 carbon oxides with carbon monoxide fil the great- 
er proportion. 
5. In a process for decarbonizing a carbonized 
cracking catalyst surface as claimed in claire 4, 
the steps of placing said carbon oxidizing gas in 
5o contact wth said contaminating carbon af a rate 
of about 40 volumes of oxidizing gas per volume 
oî catalyst per hour. 
6. In a process for decarbonizing a carbonized 
cracking catalyst surface as claimed in claire 4, 
55 oxidizing sa.id carbon fo carbon oxides in the 
proportion of at least 60% carbon monoxide. 
7. In a process for decarbonizing a carbonized 
surface of a petroleum cracMng catalyst, the 
steps comprising preparing an oxidation sup- 
(}0 pressor by mixing elemental bromine wi.th a chlo- 
ride of an element selected from the group con- 
sisting of silicon, zirconium, titanium and alu- 
rainure, mixing said oxidation suppressor with 
an oxidizing gas, bringing said mixture of oxidiz- 
5 ing gas and oxidation suppressor into contact 
with said carbonized surface, whereby said oxi- 
dation suppressor restricts the formation of car- 
bon dioxide in he oxidation of the carbon of said 
carbonized surface and causes the formation of 
70 carbon oxides with carbon monoxide in the great- 
er proportion. 
8. In a process for decarbonizing a carbonized 
cracldng catalyst surface as claimed in claire 7, 
the steps of placing said carbon oxidizing gas 
75 in contact with said contaminating carbon at a 
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rate of about 40 volumes of oxidizing gas per 
volume of catalyst per hour. 
9. In a process for decarbonizing a carbonized 
crac]ing catalyst surface as claimed in claire 7, 
oxidizing said carbon to carbon oxides in the pro- 
portion of at least 60% carbon monoxide. 
10. In the decarbonization of a carbonized 
cracking catalyst, the lmprovement which com- 
prises oxidizing the carbonized cracking catalyst 
by contact of the carbonized catalyst with a mix- 
ture of an oxidizing gas and an oxidation sup- 
pressor .composition ruade up of a chloride of an 
element selected from the group consisting of 
silicon, zirconium, titanium and aluminum to- 
gether with a free halogen selected from the 
group consisting of bromine and chlorine where- 
by said oxidation suppressor composition re- 
stricts the formation of carbon dioxide in the oxi- 
dation of the carbon of said carbonized catalyst. 
11. In the decarbonization of a carbonized 
cracking catalyst, the improvement which com- 
prises oxidizing the carbonized cracking catalyst 
by contact of the carbonized catalyst with a mix- 
ture of an oxidizing gas and an oxidation sup- 
pressor composition ruade up of a chloride of an 
elemen,t selected from the group consisting of 
silicon, zirconium, titanium and aluminum to- 

6 
gether with a free chlorine whereby said oxlda- 
tion suppressor composition restricts the forma- 
tion of carbon dioxide in the oxidation of the 
carbon of said carbonized catalyst. 
5 12. In the decarbonization of a carbonized 
cracking catalyst, the improvement which com- 
prises oxidizing the carbonized crac]ing catalyst 
by contact of the carbonized catalyst with a mix- 
ture of an oxidizing gas and an oxidation sup- 
lo pressor composition ruade up ofa chloride of an 
element selected from the group consisting of 
silicon, zirconium, titanium and aluminum o- 
gether with a free bromine whereby said oxida- 
tion suppressor compositon restricts the forma- 
15 tion of carbon dioxide in the oxidation of the 
carbon of said carbonized catalyst. 
ARISTID V. GROSSE. 
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